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Moderated physical exercise in mice
pre-infected by T. cruzi decreases
parasitemia.
 Protects of the number of
nNOS-immunoreactive neurons.
 Induces hypertrophy of
nNOS-immunoreactive neurons.
 Modulates the synthesis of TNF-a and
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To evaluate the parasitemia, nitrergic neurons, and cytokines in Trypanosoma cruzi-infected mice
subjected to moderate physical exercise, forty male Swiss mice, 30 days of age, were divided: Trained
Control (TC), Trained Infected (TI), Sedentary Control (SC), and Sedentary Infected (SI). The moderate
physical exercise program on a treadmill lasted 8 weeks. Three days after completing the moderate phys-
ical exercise program, the TI and SI groups were inoculated with 1300 blood trypomastigotes of the Y
strain of T. cruzi, and parasitemia was evaluated from day 4 to day 22 after inoculation. After 75 days
of infection, cytokines were measured and colonic neurons were quantiﬁed using immunoﬂuorescence
to identify neuronal nitric oxide synthase (nNOS). The results were analyzed using analysis of variance
– Tukey and Kruskal–Wallis tests, to 5% signiﬁcance. Moderate physical exercise reduced the parasite
peak on day 8 of infection and total parasitemia (p < 0.05), contributed to survival of number of nNOS-
immunoreactive neurons (p < 0.01) and promoted neuronal hypertrophy of the neurons (p < 0.05),
increased the synthesis of tumor necrosis factor-a (p < 0.01) and transforming growth factor-b
(p > 0.05), providing beneﬁcial effects to the host by acting on the immune system to preserve nitrergic
neurons.
 2014 Elsevier Inc. All rights reserved.1. Introduction
Chagas’ disease is a parasitic disease caused by Trypanosoma
cruzi that affects various regions of the Americas, particularly Latin
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Approximately 10 million people in this region are infected by this
parasite, and 25 million people are at risk of infection in countries
where the disease is prevalent (World Health Organization, 2013).
In Brazil, approximately 3 million people are currently infected
(Portal da Saúde, 2013).
With the evolution of the disease, the patient may have symp-
toms related to the cardiovascular and digestive systems caused by
changes in the anatomical physiognomy of the myocardium and
digestive tract, mostly the esophagus and colon (De Lana and
Tafuri, 2011). In the digestive tract, gastrointestinal transit impair-
ment occurs as a result of the absence of peristalsis (De Lana and
Tafuri, 2011). Peristalsis (i.e., contraction and dilation) is promoted
by excitatory and inhibitory neurons in the enteric nervous system
(Furness, 2000). Inhibitory neurons represent 18% of the neurons of
the myenteric plexus where nitrergic neurons are expressed,
which are responsible for reﬂex dilation of the intestinal smooth
muscle (Furness, 2000). In the absence of intestinal peristalsis,
the individual begins to show an accumulation of feces and conse-
quent megacolon development with permanent dilation and com-
promised visceral diffusion (De Lana and Tafuri, 2011). Studies of
the involvement of nitrergic neurons in alternative treatments
for Chagas’ disease are necessary because T. cruzi promotes the
destruction of enteric nervous system neurons.
The medications for the treatment of Chagas’ disease include
benznidazole and nifurtimox. When administered during the acute
phase of infection, these medications can cure up to 70% of pa-
tients. However, they have limited efﬁcacy in the treatment of
the chronic phase (Cançado, 2002; Coura and Castro, 2002). Thus,
patients who undergo etiologic treatment may present symptoms
of constipation and severe intestinal complications (Santos Júnior,
2002), constituting a substantial challenge in the implementation
of alternative strategies to improve the quality of life of these
patients.
The literature contains studies that have investigated alterna-
tive/complementary treatments for Chagas, disease, including nat-
ural products (Aleixo et al., 2008; Pupulin et al., 2010; Urbina,
1997). However, no conclusive results have yet been obtained.
Moderate physical exercise has been shown to signiﬁcantly
contribute to the survival of myenteric neurons (Silva, 2006) and
improve appetite, functional capacity, and general well-being by
positively changing mood in gastrointestinal disease (Lopes et al.,
2011). Moderate physical exercise also represents a resistance fac-
tor for the development of protozoan infections in animals (Malm,
2006). It stimulates the immune response (Malm, 2004; Nagatomi,
2006; Rosa and Vaisberg, 2002) and positively modulates the neu-
roimmunological changes in patients with chronic heart failure
(Rosa and Júnior, 2005). Animal models of physical exercise allow
the control of the load of exercise and presence of infectious agents
(Schebeleski-Soares et al., 2009). However, no studies of which we
are aware have reported changes in nitrergic neurons in the colon
in mice subjected to moderate physical exercise and subsequently
infected with T. cruzi.
The present study evaluated the effects of moderate physical
exercise on parasitemia, nitrergic neurons in the myenteric plexus,
and the production of pro- and antiinﬂammatory cytokines in mice
infected with T. cruzi.2. Materials and methods
2.1. Ethical considerations
The present study was endorsed by the Ethics Committee on
Animal Experiments (ECAE), State University of Maringa, Brazil
(No. 046/2009).2.2. Animals
The experiment was performed as a controlled, randomized,
blind trial and repeated twice. In each replication, 40 mice male
Swiss mice, 30 days of age, were used and divided into two groups:
trained (n = 20) and sedentary (n = 20).
The animals were housed in polypropylene boxes
(414  344  168 mm) with a galvanized grid closure and a central
depression where food and water were provided. The boxes were
lined with wood shavings and cleaned twice weekly. The boxes re-
mained in the conditioning room (temperature, 21–23 C) under a
12/12 h light/dark cycle. The animals were given ad libitum access
to chlorinated drinking water and food (Nuvilab Cr-1, Nuvital).
2.3. Moderate physical exercise protocol
The 30-day-old animals were subjected to an aerobic physical
exercise program on a treadmill (Inbrasport Classic CI model,
Maringa, Brazil) for 8 weeks. The exercise consisted of a daily
training session ﬁve times per week that included the following:
30–45 min sessions at a speed of 6–14 m/min in the ﬁrst week,
45–60 min sessions at a speed of 8–16 m/min in the second week,
and 60 min sessions at a speed of 10–20 m/min in the subsequent
weeks. The mean speed was 13 m/min in the ﬁrst 4 weeks and
17.5 m/min in the last 4 weeks. The sessions began at 6:00 PM dur-
ing the dark/active phase of the light/dark cycle. The temperature
was maintained at 20–22 C during the training sessions. This
physical exercise protocol is considered to require light or mild
effort (Lerman et al., 2002; Schebeleski-Soares et al., 2009).
The treadmill had an adapter for small-animal training and a
system that allowed both training-session planning and digital
speed control with 2 m/min sensitivity. The training was con-
ducted in the Exertion Physiology Laboratory, Department of Phys-
iological Sciences, State University of Maringa.
Shock or similar mechanisms were not used to induce the ani-
mals to exercise, and a cardboard support was adapted to the top
of each lane so that the animals could rest during training when
they felt tired.
2.4. Infection
After completing the moderate physical exercise program, the
animals were assigned to four groups: Trained Control (TC; sub-
jected to physical exercise and uninfected; n = 10), Trained Infected
(TI; subjected to physical exercise and subsequently infected;
n = 10), Sedentary Control (SC; not subjected to physical exercise
and uninfected; n = 10), and Sedentary Infected (SI; not subjected
to physical exercise and subsequently infected; n = 10).
An intraperitoneal inoculum of 1300 bloodstream forms of the
Y strain of T. cruzi was used. The TI and SI groups were inoculated
3 days after the moderate physical exercise program. Chronic
infection was obtained with ﬁve doses of benznidazole (LAFEPE,
PE, Brazil; three doses of 100 mg/kg/b.m. 11, 15, and 22 days after
inoculation; two doses of 250 mg/kg/b.m. 18 and 41 days after
injection) via oral gavage, otherwise the animals begin to die at
around 11 days after injection (Moreira et al., 2013).
2.5. Evaluation of the course of infection
Parasitemia was evaluated in all of the animals infected using
Brener’s technique (Brener, 1962). The parasite count was per-
formed daily from day 4 to day 9 after inoculation and on alternate
days from day 9 to day 22. The curve was plotted using the average
parasitemia in inoculated animals in each group. The following
data were calculated:
Fig. 1. Mean parasitemia curve in 12-week-old male Swiss mice subjected to
moderate physical exercise and subsequently infected (TI group) or not subjected
(sedentary) to physical exercise and subsequently infected (SI group). ⁄,⁄⁄p < 0.05,
signiﬁcant difference. Infection occurred with 1300 blood trypomastigotes of the Y
strain of T. cruzi. (Mann–Whitney test).
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experimental inoculation and the day in which positivity was
observed in the examination of fresh blood for each group.
 Patent period: average time, in days, each group presented par-
asitemia detected on examination of fresh blood.
 Peak parasites: represented by the largest number of parasites
observed in each group from the average curve of parasitemia.
 Total parasitemia: the sum of the average number of parasites
of each animal.
 Mortality was expressed in % and recorded throughout the
experiment for a period of 75 days.
 Body mass was checked once per week throughout the
experiment.
2.6. Euthanasia and organ collection
After 75 days of infection, all of the animals were sacriﬁced with
an overdose of ether vapor. The colon of ﬁve animals from each
group was removed, washed with phosphate-buffered saline
(PBS; pH 7.4), and ﬁlled with and stored in 0.1 M Zamboni solution
for 18 h. The tissues were dehydrated in an ascending series of
alcohol (80%, 95%, and 100%), diaphanized in xylene, rehydrated
in a decreasing series of alcohol (100%, 95%, and 80%), and stored
in PBS. The segments were then microdissected to obtain the total
muscularis that contained the myenteric plexus. The tissue prepa-
rations were subjected to immunohistochemistry for disclosure of
neuronal nitric oxide synthase (nNOS). The preparations were ini-
tially washed in PBS that contained 0.5% Triton (Sigma, St. Louis,
MO, USA) and blocked with PBS that contained 2% bovine serum
albumin (BSA; Sigma, St. Louis, MO, USA) at room temperature.
Subsequently, the preparations were incubated in a solution that
contained a primary antibody speciﬁc for nNOS produced in rabbit
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) and diluted in PBS
that contained 2% BSA and 0.1% Triton X-100 at room temperature
with shaking for 48 h. The prepared segments were then washed in
PBS and incubated in secondary antibody solution that contained
anti-rabbit Alexia Fluor 488 (Molecular Probes, Invitrogen, Carls-
bad, CA, USA) for 2 h. Finally, the preparations were washed with
PBS, mounted on slides, coverslipped with buffered glycerol
(9:1), and stored in a refrigerator. The negative control was per-
formed with the omission of the primary antibody (Tronchini
et al., 2012).
2.7. Quantitative and morphometric analysis of neuronal nitric oxide
synthase-immunoreactive neurons
We quantiﬁed all immunoreactive neurons present in 20 micro-
scopic ﬁelds randomly. The measured areas (lm2) of the cell body
and nucleus of 50 neurons of the myenteric plexus were equally
distributed throughout the mesocolic region. For these evaluations,
we used images captured with a high-resolution camera (AxioCam
Zeiss, Jena, Germany) coupled to a light microscope (Zeiss Axio-
skop Plus) with immunoﬂuorescence ﬁlters (FITC) and a 20 objec-
tive. The images were transferred to a computer and analyzed with
Motic Images Plus 2.0 software (São Paulo, Brazil).
2.8. Cytokine determination
The levels of interleukin-10 (IL-10), interferon-c (IFN-c), tumor
necrosis factor-a (TNF-a), and transforming growth factor-b
(TGF-b) were determined. The plasma of 10 animals per animals
per group was used, and the enzyme-linked immunosorbent assay
technique was applied using antibody pairs from R&D Systems
(Minneapolis, MN, USA). The technique was developed according
to the protocol provided by the manufacturer. The concentration
of the cytokines was determined by considering the standard curveobtained with recombinant murine cytokines. The results are ex-
pressed as pg/ml for IL-10, IFN-c, and TNF-a and ng/mL for TGF-b.
2.9. Statistical analysis
The data distribution was veriﬁed by applying the D’Agostino
Pearson or Shapiro–Wilk test. Data with a normal distribution
are expressed as mean ± standard deviation and were compared
using analysis of variance (ANOVA) followed by the Tukey post
hoc test. Unspeciﬁed distribution data are expressed as medians
and 25th and 75th percentiles (P25 and P75) and were compared
using the Kruskal–Wallis test and Median test. A 5% signiﬁcance le-
vel was adopted. The data were analyzed using BioEstat 5.0 soft-
ware. The statistical effect size (http://www.uccs.edu/~lbecker/;
accessed September 6, 2013) was determined using the Effect Size
Calculator test by checking the intensity of the effect of physical
exercise relative to being sedentary on murine T. cruzi infection. Ef-
fect sizes 60.2 were considered small. Effect sizes >0.2 to 60.5
were considered medium. Effect sizes >0.5 were considered large.
3. Results
3.1. Development of infection
The parasitemia curve showed a characteristic proﬁle of the Y
strain of T. cruzi in the two infected groups. The parasite peaks
on days 8, 9, and 11 of infection and total parasitemia were
64.2%, 56.1%, 96.8%, and 60.0% (p < 0.05) lower in the TI group than
in the SI group (Fig. 1, Table 1). No signiﬁcant difference was found
between groups with regard to infectivity, the prepatent and pat-
ent periods, or mortality (Fig. 1, Table 1; p > 0.05).
During infection, the animals’ body mass remained stable in the
TI and SI groups (p = 0.9823). No signiﬁcant change in the length,
diameter, or total area of the colon was observed (p > 0.05).
3.2. Quantitative analysis of nNOS-immunoreactive myenteric
neurons
Figs. 2A and 3 detail the comparisons of nNOS-immunoreactive
neurons between groups. Moderate physical exercise protected
10.3% of nNOS-immunoreactive neurons. These data were obtained
by subtracting the comparison percentage of trained animals
(TC  TI = 38.4%; p < 0.01) from the comparison percentage of sed-
entary animals (SC  SI = 48.7%; p < 0.01).
Table 1
Parasitological parameters evaluated in 12-week-old male Swiss mice.
Group
(n = 10)
Infectivity
(%)
Prepatent period
(days)
Patent period
(days)
Parasite peak (trypomastigotes/
ml  106)
Total parasitemia (trypomastigotes/
ml  106)
TI 100 6.4 ± 1.8 6.1 ± 1.8 0.5 ± 0.3a 1.2 ± 0.4a
SI 100 4.2 ± 0.4 7.0 ± 1.0 1.4 ± 0.4b 3.0 ± 1.0b
TI, Trained Infected; SI, Sedentary Infected. n, number of animals. Infection occurred with 1300 blood trypomastigotes of the Y strain of T. cruzi. The data are expressed as
mean ± standard deviation.
a,b p < 0.05, signiﬁcant difference (Mann–Whitney test).
Fig. 2. Mean and standard deviation of different parameters. (A) Number of nNOS-
immunoreactive neurons in 20 images ⁄,⁄⁄p < 0.01. (B) Proportion of the number of
neurons to the area of the colon in mice at 22 weeks of age ⁄,⁄⁄p < 0.05. TC, Trained
Control; TI, Trained Infected; SC, Sedentary Control; SI, Sedentary Infected. After
75 days of infection with 1300 blood trypomastigotes of the Y strain of T. cruzi.
(ANOVA followed by Tukey test).
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of the colon, we found that moderate physical exercise signiﬁ-
cantly prevented the death of 16.8% nNOS-immunoreactive neu-
rons. These data were obtained by subtracting the comparison
percentage of trained animals (TI  TC = 36.5%; p < 0.01) from the
comparison percentage of sedentary animals (SI  SC = 53.3%;
p < 0.01; Figs. 2B and 3). The protection of nitrergic neurons was
conﬁrmed by a large statistical effect size of 1.0 for the TI  SI
comparison.
3.3. Morphometry of myenteric nNOS-immunoreactive neurons
Moderate physical exercise in trained animals (TI  TC) in-
creased the nuclear area by 4.9% (p > 0.05), cytoplasmic area by
14.6% (p < 0.05), and consequently the neuronal body area by
11.3% (p < 0.05). In sedentary animals (SI  SC), infection reduced
the nuclear area by 3.4% (p > 0.05), cytoplasmic area by 17.0%
(p < 0.05), and consequently the neuronal body area by 14.7%
(p < 0.05). The subtraction of these values indicated a 3.4% beneﬁt
of exercise training on myenteric neurons in infected animals, re-
ﬂected by a small effect size of 0.1 (Fig. 4A–C).3.4. Cytokines
Fig. 5A shows the comparison of TNF-a production between
groups. Moderate physical exercise signiﬁcantly increased the syn-
thesis of TNF-a by 18.0% (p < 0.01). These data were obtained by
subtracting the comparison percentage of trained animals
(TC  TI = 23.4%; p < 0.01) from the comparison percentage of sed-
entary animals (SI  SC = 41.3%; p < 0.01), conﬁrmed by a large sta-
tistical effect size of 1.3 for the TI  SI comparison.
Fig. 5B shows the comparison of TGF-b production between
groups. Moderate physical exercise did not signiﬁcantly increase
TGF-b synthesis in 18.0%. These data were obtained by subtracting
the comparison percentage of trained animals (TC  TI = 21.4%;
p < 0.01) from the comparison percentage of sedentary animals
(SI  SC = 39.0%; p < 0.01), with a large effect size of 0.7 for this
comparison. No detectable levels of IFN-c or IL-10 were found un-
der the present experimental conditions.4. Discussion
Moderate physical exercise has been shown to provide resis-
tance against the development of protozoan infections in animals
(Schebeleski-Soares et al., 2009). This fact was supported by the
present study, in which the evolution of the parasitemia curve
was modiﬁed by moderate physical exercise compared with phys-
ical inactivity. The parasite peaks on days 8, 9, and 11 of infection
and total parasitemia were signiﬁcantly lower in the TI group than
in the SI group. Signiﬁcant reductions of the parasite peak on day 8
of infection and total parasitemia were also reported by (Moreira
et al., 2013), in which the inﬂuence of moderate physical exercise
was studied in mice infected with the Y strain of T. cruzi during
the acute phase. Schebeleski-Soares et al. (2009) and Occhi et al.
(2012) observed a reduction of the parasite peak in female BALB/
c mice of two distinct lineages of both sexes that were trained
and infected with the Y strain of T. cruzi. In murine T. cruzi infec-
tion, greater parasitemia is associated with higher morbidity and
pathogenesis (De Lana and Tafuri, 2011). In the present study,
moderate physical exercise decreased the levels of parasitemia
and appeared to promote a beneﬁcial effect in infected animals.
In the present study, no signiﬁcant difference was observed in
mortality and body weight between the TI and SI groups during
the course of infection. This result was likely attributable to im-
mune system activity in response to moderate physical exercise
and the discontinuation of benznidazole treatment to chronicity
of infection. Although benznidazole is not completely effective in
the treatment of T. cruzi infection, it prevents the development of
parasitemia, which is ultimately one of the causes of morbidity in
T. cruzi infection (Cançado, 2002; Coura and Castro, 2002; Occhi
et al., 2012). Schebeleski-Soares et al. (2009) who studied female
BALB/c mice, trained and infected with 1400 blood trypomastigotes
of the Y strain of T. cruzi during the acute phase of infection not trea-
ted with benznidazole, observed mortality from all infected ani-
mals, which served as a reference for the administration of
several doses of the drug used in different experimental periods
Fig. 3. Photomicrograph that shows nNOS-immunoreactive myenteric ganglia neurons in the colon of 22-week-old male Swiss mice after 75 days of infection with 1300
blood trypomastigotes of the Y strain of T. cruzi. TC, Trained Control; TI, Trained Infected; SC, Sedentary Control; SI, Sedentary Infected. A light microscope (Axioskop Plus
Zeiss) was used with ﬁlters for immunoﬂuorescence (FITC) and a 200 objective.
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work was to investigate the effects of moderate physical exercise
not only in the acute phase of infection, but also in chronic.
Modifying the evolution of infection by moderate physical exer-
cise provided signiﬁcant protection for nNOS-immunoreactive
neurons in the sample studied (10.3%) and the number of neurons
in the total area of the colon (16.8%; p < 0.01). Both of these results
were associated with a large effect size of physical exercise in the
protection of these neurons. Immunohistochemistry was used to
label nitrergic neurons using a speciﬁc antibody for the nNOS en-
zyme (Tronchini et al., 2012). Neuronal nitric oxide synthase is
the main effector for the biosynthesis of nitric oxide (NO), which
is responsible for the dilatation of intestinal smooth muscle
(Furness, 2000). Thus, it is possible to observe that moderate phys-
ical exercise signiﬁcantly maintained intestinal peristalsis in ani-
mals infected by T. cruzi. In human patients, the beneﬁts of the
practice of moderate physical exercise have also been observed
(Mendes et al., 2011). Chagasic women who practiced the two
weekly sessions of physical exercise in a day for six weeks in tread-
mill, signiﬁcant reduction in blood pressure and respiratory rate
and increased oxygen consumption was observed (Mendes et al.,
2011), reinforcing the importance of integrating a physical activity
program to provide improved care for individuals infected with
T. cruzi.
Infection in sedentary animals signiﬁcantly reduced the number
of nNOS-immunoreactive neurons (SI  SC). However, this reduc-
tion was not related to the anatomical area of the colon in infected
animals, in which the length and diameter of the organ remained
unchanged. A study of human patients with and without chagasic
megacolon found a signiﬁcant reduction of the number of nNOS-
immunoreactive neurons in patients with chagasic megacolon
compared with other cardiomyopathies (Da Silveira et al., 2007).
In the present study, the animals in the TC group exhibited a
signiﬁcantly higher percentage of nNOS-immunoreactive neurons
than the other groups. The neuronal data for the TC and SC groupswere different from the data reported by (Gagliardo et al., 2008),
who studied the number of NADPH-diaphorase-labeled neurons
in the colon in sedentary control rats at 6 and 12 months of age
and a group of rats subjected to a physical activity program (tread-
mill running) at 12 months of age for 6 months. They did not ob-
serve preservation of the nitrergic neuronal population in trained
rats compared with sedentary rats at 12 months of age. According
to Scherer-Singler et al. (1983), NADPH-diaphorase also marks nit-
rergic neurons located in the mitochondrial matrix.
With regard to myenteric neuronal morphology, we found that
surviving nNOS-immunoreactive neurons in animals in the TI
group showed hypertrophy, with an increase in the nuclear and
cytoplasmic areas compared with the SI group caused by moderate
physical exercise and/or infection, conﬁrmed by a small statistical
effect size of 0.1. This increase in the nuclear and cytoplasmic neu-
ronal areas suggests an increase in the transcription of the neuro-
nal DNA sequence, with consequent increases in nNOS synthesis,
the formation of messenger RNA in the nucleus, and neuronal pro-
tein translation by the ribosome. Thus, physical training activates
nNOS in the neuronal cytoplasm. Within this context, the increase
in neuronal bodies caused by moderate physical exercise contrib-
uted to improved conditions in the animals at the cellular level,
indicating that moderate physical exercise maintained intestinal
peristalsis.
Similar data were reported by Silva (2006), in which an increase
in the cell body area of NADPH-diaphorase-labeled neurons was
found in the cecum in rats at 12 months of age that were subjected
to physical exercise (treadmill running) for 6 months compared
with a sedentary group at 12 months. This increase was observed
in both the apical region and basement compartment.
According to the literature Abbas et al. (2008), the cytokines
TNF-a, TGF-b, IFN-c, and IL-10 are involved in the control of infec-
tion by T. cruzi and synthesized according to the duration of infec-
tion. Moderate physical exercise acts as a stimulator of the
immune response (Rosa and Júnior, 2005). Thus, in the present
Fig. 4. Mean and standard deviation of different parameters. (A) Nucleus area (B)
and cytoplasm area (C) of neuronal bodies in the colon in 22-week-old mice after
75 days of infection with 1300 blood trypomastigotes of the Y strain of T. cruzi.
#,##,⁄,⁄⁄p < 0.05, signiﬁcant difference. TC, Trained Control; TI, Trained Infected; SC,
Sedentary Control; SI, Sedentary Infected. (Kruskal–Wallis test).
Fig. 5. Mean and standard deviation of the detected levels of cytokines in 22-week-
old male Swiss mice after 75 days of infection with 1300 blood trypomastigotes of
the Y strain of T. cruzi. (A) TNF-a. ⁄,⁄⁄p < 0.05, signiﬁcant difference. (B) TGF-b. TC,
Trained Control; TI, Trained Infected; SC, Sedentary Control; SI, Sedentary Infected.
(ANOVA followed by Tukey test). Source: Moreira et al. (2013).
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of these cytokines in mice on day 75 of T. cruzi infection post-
exercise.
The animals in the TI group produced signiﬁcantly more TNF-a
than the animals in the SI group. This increase was conﬁrmed by a
large statistical effect size of 1.3. Some authors suggest that TNF-a
associated with IFN-c stimulates macrophages to produce NO.
Depending on its source, NO can act in the control of the intracel-
lular replication of T. cruzi (Gazzinelli et al., 1992; Machado et al.,
2000). TNF-a is a proinﬂammatory cytokine, the response of which
was investigated in animals on day 75 of infection. This cytokine
signiﬁcantly increased in the chronic phase, likely through the acti-
vation of its synthesis during acute T. cruzi infection, which can ex-
plain the reduction of the parasitemia curve in the acute phase and
protection of nNOS-immunoreactive neurons in the chronic phase.
Although not signiﬁcant (p > 0.05), trained animals producedhigher TNF-a concentrations than sedentary animals, regardless
of whether they were infected.
TNF-a and IFN-c are important cytokines in the activation of
macrophages by destroying the parasites through NO release. Thus,
the parasite is continually fought to reduce its replication. How-
ever, the parasite remains indeﬁnitely in the host as immunologi-
cal response (Abbas et al., 2008). Although not signiﬁcant on day
75 of infection (p > 0.05), we observed a decrease in the concentra-
tions of this cytokine in the SI group compared with the SC group
(p > 0.05). Soares et al. (2010) studied trained animals subse-
quently infected with the Y strain of T. cruzi. On day 13 of infection,
they observed a signiﬁcant increase in TNF-a production in in-
fected sedentary animals compared with controls (SI  SC). Nota-
bly, Soares et al. (2010) performed their peritoneal macrophage
culture supernatant assay using serum, and the present work used
plasma.
According to the literature, elevated TNF-a levels can lead to ca-
chexia, and this cytokine is an important predictor of body mass
loss (Anker and Coasts, 1999). Furthermore, excessive NO produc-
tion can cause cytotoxic tissue damage (Garcia et al., 1999). More-
over, TGF-b and IL-10 are able to inhibit the host’s immune
response, particularly responses that involve macrophages (Abbas
et al., 2008). In the present study, although not signiﬁcant, trained
and infected animals in the TI group exhibited an increase in TGF-b
synthesis, with a large effect size of 0.7 for the TI  SI comparison,
emphasizing the importance of moderate physical exercise in the
regulation of the immune response and control of macrophage
activation in response to physiological changes that result from
T. cruzi infection.
The infection decreased the concentrations of TGF-b in the SI
group compared with the SC group (p > 0.05). TGF-b in an
antiinﬂammatory cytokine Ding et al. (1990), thus justifying the
74 N.M. Moreira et al. / Experimental Parasitology 141 (2014) 68–74low concentration in SI animals measured during the chronic
phase of infection (at 75 days).
Although the available literature contains a growing number of
studies on physical exercise and the immune system (Dufaux and
Order, 1989; Espersen et al., 1990;Walsh et al., 2011), the produc-
tion of different cytokines is not fully understood, particularly with
regard to T. cruzi infection. Under the present experimental condi-
tions, we did not observe detectable levels of IFN-c or IL-10. These
results may help understand the dynamics of cytokine production
in our experimental model, in which mice were subjected to
8 weeks of moderate physical exercise, subsequently infected with
T. cruzi, and evaluated on day 75 of infection.
In conclusion, the moderate physical exercise inhibited the evo-
lution of acute T. cruzi infection by decreasing the parasitemia
curve, protecting nitrergic neurons, and inducing neuronal hyper-
trophy. Moderate physical exercise provided a better prognosis in
chronically infected animals with regard to the maintenance of
intestinal peristalsis and modulation of the immune system, in
which TNF-a and TGF-b increased. These results corroborate the
consistent and solid beneﬁts of moderate physical exercise in the
general population and speciﬁcally in individuals infected with
T. cruzi.
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